Abstract-There are various techniques for the deposition of SiO 2 films on silicon. Flame Hydrolysis Deposition (FHD) techniques is the most economical technique for the deposition of SiO 2 films. In this technique the SiO 2 films are deposited by hydrolysis of SiCl 4 in a high temperature H 2 -O 2 flame. In the present study we present the growth of SiO 2 films by indigenously developed FHD system and organic compound Tetraethoxyorthosiliate/Tetraethoxysilane TEOS as source of silicon. The films deposited by the FHD system are porous and need annealing at higher temperatures for the densification. We present here for the first time direct dense glassy transparent SiO 2 films deposited by our FHD system. The optical properties of the deposited films were studied by ellipsometery. FTIR spectroscopy was carried out to study the various characteristic peaks of SiO 2 bonds. The peaks corresponding to Si-O-Si stretching, bending and rocking modes are observed at 1090 cm −1 , 812 cm −1 and 463 cm −1 respectively. The absence of peaks corresponding to the OH bond in the deposited film reveals that the deposited films are most suitable for the photonic devices application. The surface analysis was carried out using SEM. The EDAX of the deposited film confirms the composition of the Si and O in the deposited film.
INTRODUCTION
Next generation planar lightwave circuits (PLCs) will need circuits that have greater functionality and are larger in scale, but they must also be less expensive to fabricate. To achieve this, we must continue improving the waveguide fabrication process by carrying out computational analyses [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . A PLC fabricated using a technique for fabrication of optical fiber can provide a high quality lightwave circuits on a substrate. This means that both PLC and optical fiber use the same silica based glass material, buried waveguide geometry and glass forming method. Various processes have been explored for the fabrication of silica based PLC. These are Chemical Vapor Deposition (CVD), Vacuum Deposition and Flame Hydrolysis Deposition (FHD) [12] [13] [14] [15] [16] [17] [18] [19] [20] . Each of these processes is used in combination with Reactive Ion Etching (RIE). Among these processes the combination of FHD and RIE has the advantage of being able to produce low-loss channel waveguides best matched to optical fiber [19] .
It is known that the precise control of deposition and accurate compositional control is very difficult in this process. An additional process of densification of the porous soot into dense SiO 2 film is required in FHD process. However, despite the difficulties of the FHD process, it is extensively employed to deposit thick SiO 2 amorphous films since the deposition rate is fast and material quality is already proven in Vapor-Phase Axial Deposition (VAD) or Outside Vapor Deposition (OVD) processes for optical fibers [21] .
We present here for the first time direct dense glassy transparent SiO 2 films deposition by indigenously developed FHD system. The design of the torch nozzle and other processing parameters are optimized in such a manner that the deposited films are transparent glassy films that do no need any further annealing. The effects of flow rate of TEOS (carrier gas nitrogen) on refractive index, thickness and absorbance have been studied. In the second section of the paper the experimental setup and processing parameters have been given. The results are discussed in the third section of the paper. The fourth section concludes the paper. Figure 1 shows the schematic of the experimental set used in the present study. The system has been developed indigenously at Department of electronics. Silicon wafers (p-100) used as substrate, were cleaned by Trichloroethylene, Acetone and Methanol for removal of contaminations. The FHD system was powered ON and the MFC were allowed to heat up for better performance. After some time the MFC of hydrogen and oxygen were set at 2.0 SLPM and 0.4 SLPM. Substrate temperature was kept constant at 700 • C throughout the process. The flame was ignited at the nozzle end and allowed to get stable. Then MFC of precursor TEOS (carrier gas nitrogen) was set to desired flow and then injected at the center of the flame. In the present study the flow of carrier gas was varied from 0.3-0.6 SLPM with a step 
EXPERIMENTAL

RESULTS AND DISCUSSIONS
Conventionally the SiCl 4 is used as a source of Silicon in FHD system for the deposition of SiO 2 films. The SiCl 4 is corrosive and moisture sensitive and produces HCl gas as one of its bi-products. Hence, we used the Organic compound TEOS (Tetraethoxyorthosiliate) as source of SiO 2 as this chemical is safe to handle and comparably less hazardous. The SiO 2 films deposited by using indigenously developed FHD system are tested for their optical, mechanical and chemical properties.
The effect of TEOS (carrier gas N 2 ) flow rate on refractive index (n) of the deposited SiO 2 film is presented graphically in Figure 2 . Refractive index was measured by Philips SD-1000 Ellipsometer at fixed wavelength 632.8 nm.
It is observed from Figure 2 that the refractive index of the deposited films initially increases and then there is decrease in the refractive index. This decrease in refractive index may be due to porousivity of the film [22] . As the flow rate of TEOS increases the flame temperature decreases and hence, the sintering temperature decreases which leads to the low dense films. It is reported by various authors that the density of the film increases with increase in temperature [23] [24] [25] . The other reason of decrease in refractive index is normally due to the presence of OH bond in the deposited film but, the FTIR study (Figure 4 ) reveals that the peak due to OH bond is absent in the films deposited by present FHD system. The At% of Si and O in the deposited films also affects the properties of the deposited film. Hence, we can conclude that the decrease in the refractive index values of deposited films is mainly due to the increase in Oxygen contents as observed from the EDAX measurements ( Figure 6 ). The effect of TEOS (carrier gas N 2 ) flow rate on thickness of the deposited SiO 2 film is presented graphically in Figure 3 . It is depicted from the figure that the thickness of the film increases with the corresponding increase in TEOS flow rate. It is obvious that concentration of reactant species increases with corresponding increase in flow rate of TEOS which leads to increase in growth rate of the deposited film. Hence, we can conclude that the thickness of the film increase with corresponding increase in flow rate of TEOS.
The IR spectrums of SiO 2 have three characteristic absorption bands arising from Si-O-Si groups [26] [27] [28] . The lowest frequency band is caused by the rocking mode corresponding to the out of plane motion of the oxygen atom. The weakest absorption of intermediate frequency is connected with bending vibrations in which the oxygen atom motion occurs in the Si-O-Si plane and along the Si-O-Si angle bisector. The stretching mode band is asymmetric with a broadening towards low frequencies [29] , for thick SiO 2 a long high frequency tail is observed and the frequency corresponding to the maximum of this peak increases with increasing oxidation temperature [26] . The total area of the peaks also increases linearly with increasing film thickness. The band at 1056 cm −1 makes the main contribution to the absorption in the case of thin films, whereas the band at 1091 cm −1 dominates for thick films. This may cause the observed shift in the absorption maximum towards high frequencies as the oxide thickness increases [29] but no shift has been observed in the present study. Figure 4 shows the FTIR absorption spectrums of SiO 2 films deposited by FHD system at various flow rates. The peak intensities due to Si-O-Si stretching, bending and rocking modes are observed at 1090 cm −1 , 812 cm −1 and 463 cm −1 respectively. The peak values well matches with the FHD and thermally grown oxides films as reported in literatures [30] [31] [32] [33] [34] [35] [36] . As the stretching peak is observed at 1090 cm −1 and area of the peak increases with the increase in flow rate, we can conclude that the thickness of the film increases with corresponding increase in TEOS flow rate as observed from ellipsometer results for thickness measurements. The peak area and peak height of the Si-O-Si stretching peaks for various flow rates of TEOS have been calculated. It can be observed that there is an increase in peak area and peak height with corresponding increase in flow rate. Hence we can conclude that the thickness of the film increase with increase in TEOS flow rate.
The surface morphology of the deposited films was studied using Scanning Electron Microscope (JEOL/EO make JSM-6360 model). The Figure 5 illustrate the scanning electron microphotograph of the sample deposited with substrate temperature 700 • C. It is clearly observed from the photographs that there is no trace of unsintered particle or pores in the deposited film. The films observed to be dense in nature.
The elemental analysis of deposited SiO 2 films for TEOS flow variations have been carried by EDAX technique. Figure 6 shows the plot of Oxygen percentage in the deposited films for TEOS flow variations.
From the plot it is clearly observed that the Oxygen count increases with corresponding increase in TEOS flow rate. Due to this increase in Oxygen count we can say that the refractive index of the deposited film decreases with increase in TEOS flow rate.
The EDAX of the sample FV2-TEOS is as show in Figure 7 . From the EDAX we can confirm the deposition of SiO 2 film with no other impurities present in the deposited film.
CONCLUSIONS
The SiO 2 films grown by the indigenously developed Flame Hydrolysis Deposition system were found to be uniform. The refractive index of the deposited film varies with the corresponding increase in TEOS flow rate. The film thickness increases with the increase in flow rate. Absorbance spectra of the deposited films shows peak intensities due to Si-O-Si stretching, bending and rocking modes are observed at 1090 cm −1 , 812 cm −1 and 463 cm −1 respectively. The peaks values well match with the reported values. The absence of peaks corresponding to the OH bond in the deposited film reveals that the deposited films are most suitable for the photonic devices application. It is clearly observed from the SEM image that there is no trace of unsintered particle or porousivity in the deposited film. The film is observed to be dense in nature. The elemental analysis of deposited SiO 2 films for TEOS flow variations have been carried by EDAX technique confirms the deposition of SiO 2 film with no other impurities present in the film.
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